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Chapter 1

Introduction
This report describes the final year (Year 10) of the 10-year performance monitoring for the Smith
Island/Union Slough Restoration Project (restoration project) as conducted by ICF staff in 2017.

1.1

Project Background

Smith Island is located in the Snohomish River estuary (Figure 1), east of downtown Everett and
Interstate 5. The Everett Water Pollution Control Facility (EWPCF), which treats wastewater from
the City of Everett and southwest Snohomish County, is located on Smith Island along Union Slough.
Historically, Smith Island has been farmed and, thus, has been protected from tidal inundation and
floodwaters by a series of dikes. Everett Public Works Department (EPWD), which manages the
EWPCF, initiated a dike improvement project to bring the dikes up to U.S. Army Corps of Engineers
(Corps) standards. The dike improvement project involved raising the dikes and/or widening them
in the landward direction and included constructing a new dike from the polishing pond north to
12th Street NE to connect with the Snohomish County setback dike. These improvements resulted in
unavoidable wetland impacts.
The Corps and the Washington State Department of Ecology (Ecology) required EPWD to develop a
wetland mitigation plan with associated long-term monitoring to compensate for the wetland
impacts of the dike improvement project. The Smith Island Habitat Restoration and Dike
Maintenance Project Wetland Mitigation Plan (Jones & Stokes 2002), referred to henceforth in this
document as the wetland mitigation plan, proposed construction of the restoration project on an
approximate 58-acre property (mitigation site) to the east of the EWPCF oxidation and polishing
ponds on Smith Island (Figure 1). Restoration was to be accomplished by breaching the dike along
Union Slough and reestablishing tidal inundation to the diked freshwater wetlands present
throughout most of the mitigation site. The primary goals of the wetland mitigation plan were to
reestablish intertidal wetlands on the mitigation site and improve salmonid rearing habitat in the
Snohomish River estuary by tidally reconnecting the mitigation site to Union Slough.

1.2

Restoration in Partnership with the Corps

In conjunction with the northern dike breach on the mitigation site, the City of Everett and the Corps
also partnered through the Corps Section 1135 authority to restore an additional 35 acres of
intertidal habitat contiguous with and directly south of the mitigation site (Corps 1135 restoration
site) (Figure 1). Two of the three dike breaches (the central and southern breaches) are located in
the Corps 1135 restoration site. When combined, the mitigation site and the Corps 1135 restoration
site equal approximately 93 acres of land reconnected to tidal inundation via Union Slough. Clean
Water Act Section 404 and 401 permits for the 1135 project were the responsibility of the Corps.
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Project Vicinity

Restoration Approach

Government Land Office survey notes recorded in 1884 indicate that the majority of the Snohomish
River delta historically contained a large wetland complex (Bortelson et al. 1980). The 1884 survey
on Smith Island indicated that the mitigation site contained tidal marsh dominated by common
cattail (Typha latifolia), sedges (Carex spp.), and bulrush (Schoenoplectus spp. [formerly Scirpus]),
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with Sitka spruce (Picea sitchensis), red alder (Alnus rubra), and other coniferous and deciduous
trees sparsely distributed throughout the site (Jones & Stokes 2002).

The Snohomish River Basin Salmon Recovery Forum identified dike breaching as important for
salmonid recovery through the restoration of intertidal habitat and improvement in riparian
conditions along the river (Pentec Environmental 2000). Restoring the tidal connection between the
mitigation site and the river was designed to reestablish intertidal marsh habitat and improve offchannel rearing habitat for juvenile salmonids in the Snohomish River estuary system. The actions
taken on both the mitigation site and Corps 1135 restoration site were specifically designed to be
consistent with recovery efforts for salmonids listed under the federal Endangered Species Act at
the time these projects were designed, specifically Puget Sound Chinook salmon (Oncorhynchus
tshawytscha) and Coastal/Puget Sound bull trout (Salvelinus confluentus).

1.4

Anticipated Mitigation Site Conditions

The physical and biological conditions of the mitigation site were expected to change following the
dike breach and consequent return of tidal inundation. Restoration of the tidal connection between
the mitigation site and Union Slough was expected to allow water to enter the site during incoming
tides and exit during the ebbing tide. The wetland mitigation plan anticipated the site would drain
during low tides and the gradual development of interconnecting tidal channels over the long term
(10 or more years) would prevent hydraulic isolation of low spots in the site.

Restoration of the tidal regime was expected to ultimately create a simple dendritic (branching)
tidal channel pattern, depending on the cohesiveness of the mitigation site’s soils and topography
and hydrologic conditions. Filling of several straight agricultural ditches was designed to maximize
the site’s potential to develop natural dendritic channels over time, providing meandering channels
for fish ingress and egress.

Reconnecting the mitigation site with Union Slough was expected to improve the wetland’s ability to
capture sediment and nutrients from upstream sources, while exporting organic matter to fuel the
intertidal foodweb. Elevations in the mitigation site were expected to gradually increase over the
long term (10 or more years), as a result of sedimentation, decompaction, and buildup of organic
matter from decaying onsite vegetation.

Vegetation communities dominated by typical intertidal marsh species found in Union Slough were
expected to gradually become established once tidal inundation was restored. A tidal marsh
dominated by species including cattail, slough sedge (Carex obnupta), Lyngby sedge (Carex lyngbyei),
and hardstem bulrush (Schoenoplectus acutus var. acutus) was expected in the mitigation site based
on elevations of these species in adjacent habitats along Union Slough. An interspersion of marsh,
mudflat, and tidal channel habitat was also anticipated.
The mitigation site was anticipated to provide habitat for a mixture of the waterfowl, passerine, and
raptor bird species that used the site prior to the breaches, as well as for new species such as
shorebirds and aquatic mammals attracted to intertidal habitats. Resident fish and anadromous
salmonids were expected to directly benefit from the restoration of intertidal rearing, foraging, and
refuge habitats.
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Modifications to the Original Monitoring
Methods

Monitoring of the mitigation site is primarily intended to document the development of the site and
the degree of success in attaining the performance standards specific to the mitigation goals and
objectives. Monitoring also provides a means of identifying needed changes to maintenance or
monitoring methods, identifying potential problems and recommending corrective actions,
providing a record of the biological and physical changes to the mitigation site, and contributing to
scientific experience in intertidal and breached-dike restoration.
The wetland mitigation plan identified the following parameters for monitoring: hydrology, soils,
vegetation, water quality, benthic invertebrates, fish, and wildlife. Not all parameters are to be
monitored every year. Following each year of monitoring, a report has been completed that
describes the methods and results of the monitoring.

Year 5 monitoring was not conducted in 2012, because of construction activities occurring on the
site during removal of the bridges and excavation of the tidal channels. EPWD instead conducted the
full suite of monitoring activities originally slated for Year 5 (2012) in Year 6 (2013). EPWD
completed the scheduled monitoring for a suite of parameters in Year 8 (2015) according to the
schedule in the wetland mitigation plan. In consultation with the Corps and Ecology, the suite of
parameters subject to monitoring in Year 10 (2017) was reduced following Year 8 monitoring,
reflecting the documented positive trend of the site’s development in previous monitoring years.
On May 31, 2017, staff members from the City of Everett, the Corps, and Ecology met to discuss if
there was a need for continued monitoring of the mitigation site. The City of Everett presented a
case for terminating the monitoring based on having met the performance standards outlined in the
mitigation plan and permits issued for the project.

The Corps and Ecology determined that Year 10 monitoring would consist of evaluation of the
following parameters: vegetation (invasive species extent) and reporting on spring 2017 water
quality conditions. The site was determined to already be meeting the performance standards for
other parameters, and no other data were needed for those elements. For discussion on other
elements, see the Year 8 report (ICF 2016). With approval of EPWD, ICF also estimated the aerial
extent of the vegetation communities based on a 2017 aerial photo for comparison with previous
year’s summary vegetation data.
The original monitoring schedule is shown in Table 1a, and the schedule with modifications
resulting from the 2011/2012 adaptive management project and 2017 consultation are shown in
Table 1b.
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Original Mitigation Monitoring Schedule and Monitoring Parameters
Year

Monitoring Parameters

1

2

3

Hydrology

X

X

X

Vegetation
Water quality

X
X

X
X

X
X

X

X

Sediment chemistry

X

Sedimentation/elevation

X

Benthic invertebrates

X

Fish

Wildlife

Table 1b.

X

4

X

5

7

8

X

X

X
X

X
X

X
X

X

X

X
X

X

X

X

10

X

X

X

9

X
X

X

X

6

X

X

X
X

Modified Mitigation Monitoring Schedule and Monitoring Parameters
Year

Monitoring Parameters

1

2

3

Hydrology

X

X

Xb

X

X

Sediment chemistry

X

Sedimentation/elevation
Vegetation

X
X

Water quality

X

Benthic invertebrates

X

Fish

X

Wildlife

X

Notes:

X
X
X

4

X

X

X
X

5a

6

Xc

X

X

X
X
X

X

8
(2015)

X

X

X

7

X

9

10
(2017)

X

Xd

X

X

X
X
X

a. Year 5 monitoring shifted to Year 6 due to bridge removal and channel excavation construction in 2012.

b. Hydrology monitoring in Year 3 was modified to focus on the continued issues with low-tide inundation, rather
than development of drainage channels.

c. Hydrology monitoring in Year 8 included full hydrology monitoring, as well as development of drainage
channels.

d. Vegetation monitoring in Year 10 was limited to an invasive species inventory and vegetation community
mapping.

The methods and results of Year 10 monitoring for each of these elements are described in separate
subsections of this chapter.

Table 2.

Data Collected for Each Monitoring Element—Year 10

Monitoring Element

Data Collected

Vegetation

High-resolution composite aerial imagery used to locate predominant
invasive species and determine coverage of previously identified vegetation
communities.
Water temperature, salinity, and dissolved oxygen at high tide in spring

Water quality
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Monitoring Activities
2.1

Vegetation

The purpose of monitoring vegetation is to record the development of native intertidal communities
and related changes in species composition and cover as tidal inundation has been restored to the
site and drainage issues have been addressed. Prior to the dike breaches, the mitigation site was
primarily a freshwater emergent wetland dominated by invasive reed canarygrass (Phalaris
arundinacea), soft rush (Juncus effuses), and common cattail. The mitigation site also supported
scrub-shrub wetland communities along its eastern side (approximately 15% of the mitigation site),
which were dominated by invasive Himalayan blackberry (Rubus armeniacus), hardhack spirea
(Spiraea douglasii), salmonberry (Rubus spectabilis) and Sitka willow (Salix sitchensis). Some
palustrine forested wetland also existed along the eastern edge of the mitigation site near the
central breach, dominated by red alder trees with an understory of salmonberry, red elderberry
(Sambucus racemosa), and Himalayan blackberry (Jones & Stokes 2002).

Aside from areas directly affected by original construction and the 2011/2012 adaptive
management project, no removal of vegetation occurred as part of the dike breaches. The wetland
mitigation plan anticipated native intertidal marsh revegetation through restoration of tidal
inundation and natural recruitment from the seed bank in adjacent areas and within the mitigation
site sediments, which has occurred at similar dike-breach restoration sites on nearby Spencer
Island.

Vegetation monitoring has involved tracking the natural die-off of prebreach vegetation, the die-off
of the reed canarygrass during the period of incomplete site drainage and prolonged inundation (i.e.,
Year 1 through Year 5), and the colonization of native intertidal mudflat and marsh vegetation.
Vegetation monitoring has recorded the changing character of the mitigation site on both
community and species scales. Species assessments for community composition were conducted in
Year 8, but were not performed in Year 10. Instead, Year 10 efforts were limited to mapping the
extent of the various vegetation communities for comparison to previous years and performing a
comprehensive mapping of invasive species within the site.

2.1.1

Monitoring Schedule

The wetland mitigation plan specifies that vegetation monitoring occur during summer in Years 1, 2,
3, 5, 8, and 10, when vegetation is fully developed and at the peak of the growing season. Annual
aerial photographs of the mitigation site have been taken at low tide during late summer of each
monitoring year to document vegetation conditions.
Year 10 vegetation monitoring was truncated in consultation with the Corps and Ecology to include
only an invasive species inventory and a full site classification of vegetation community based on
aerial photo interpretation.

For the Year 10 aerial photograph, ICF implemented an unmanned aerial vehicle (UAV), which
allowed for the collection of a low-altitude, high-resolution composite aerial image. The composite
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aerial image was used for vegetation classification as well as a detailed invasive species inventory.
The UAV aerial was collected on July 20, 2017 for the mitigation site, and on July 21, 2017 for the
Corps 1135 restoration site. Imagery flights were scheduled to correspond with full site drainage
across the majority of the site.

2.1.2

Methods

Preliminary Site Assessment
Two field staff members familiar with the mitigation site conducted preliminary reconnaissance of
the site in early July. The visit served to map locations of yellow iris (Iris pseudacorus) and Japanese
knotweed (Fallopia japonica) specifically, and to identify general areas where purple loosestrife
(Lythrum salicaria) was present. Purple loosestrife plants were examined to estimate peek flowering
to aid in scheduling the aerial image collection.

Unmanned Aerial Vehicle Composite Aerial Image

The aerial imagery was collected on July 20 and 21, 2017 using a DJI Phantom 4 Advanced UAV with
an integrated 20-megapixel still camera. The flight plans were created using the DroneDeploy
application, set to fly at an altitude of 135 feet with the images overlapping by 70% front-to-back
and 80% side-to-side. This level of overlap is necessary so that the images can be properly
orthorectified and stitched together to create an accurate basemap. The UAV’s flight was primarily
autonomous, with an operator on the ground at all times ready to take manual control as needed.
The captured imagery entailed roughly 2,600 photos. The photos were loaded into the application
Pix4D, which uses the image overlap and geotag to stitch and orthorectify the photos into a single
composite aerial image. Image processing and filters were adjusted as necessary to provide
adequate color saturation and distinction for the image classification.

Aerial Image Analysis for Invasive Species

The open source Semi-Automatic Classification Plugin (SCP) for QGIS software was used to derive
likely purple loosestrife flowers visible in the composite aerial image. The imagery provided
resolution of 1.1 centimeters per pixel, and covered the mitigation site on the north and the Corps
1135 restoration site to the south. A series of user-defined training classes for land cover types was
created and used as input into the spectral angle mapping algorithm, which considers the spectral
angle between the defined cover type signatures when assigning class membership to each image
pixel. In addition to the purple loosestrife flower and general cover types such as green vegetation,
rocks, and water, the flower of curly dock (Rumex crispus) was identified in the training classes to
separate the burnt-red-colored pixels from the purple pixels characteristic of the loosestrife. After
the classification, the pixels classified as purple loosestrife were converted into points and manually
reviewed against the image basemap. False positives, where the analysis misclassified other flowers
(likely fireweed or Douglas spirea) as purple loosestrife locations are possible, but should represent
a small percentage of points identified.

Aerial Image Classification for Vegetation Communities

Using the composite aerial imagery, areas within the mitigation site were classified into five
vegetation communities: high marsh, low marsh, cattail-dominated marsh, mudflat, and open water.
These categories were determined in previous monitoring years, and generally characterize the
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different vegetation and tidal conditions present on the site. Aided by higher-resolution imagery
than previous years, the approximate limits of each vegetation community were mapped across the
entire mitigation site by interpretation of the visual signatures on the aerial imagery, with reference
to previous monitoring year’s aerial interpretation as guidance.

2.1.3

Results

Site Assessment
The preliminary field assessment was conducted on June 26, 2017. Field staff mapped yellow iris
and Japanese knotweed, assessed the prevalence of purple loosestrife, and confirmed other invasive
species were not present aside from the sporadic and sparse presence of reed canarygrass
documented in previous monitoring years. Field staff assessed the development of purple loosestrife
flowers, and determined that peak flowering would likely occur during the second or third week in
July. The site assessment followed the existing dike perimeter on the north and west sides of the
site, and traversed several vegetated areas within the site to document locations of purple
loosestrife occurrence.

Extent of Invasive Species

EPWD typically contracts with a local landscape/restoration contractor to remove purple
loosestrife, yellow flag iris, and the Japanese knotweed from the mitigation site to the extent feasible
without destruction of native marsh areas. Control measures are typically completed following each
monitoring year, and were last completed in 2016, based on findings of the Year 8 monitoring.
Feedback from maintenance contractors indicated that a comprehensive invasive species inventory
would be more beneficial than the global positioning system (GPS) documentation of clumps of
invasive plants performed in previous monitoring years.

Image classification of the composite aerial imagery was used to isolate pixels within the image that
matched the color of the flowering purple loosestrife. In this way, the entire site was assessed for the
presence of purple loosestrife based on the presence of the flower’s color in the high-resolution
aerial imagery. This method involved the possibility of “false positives” where other magenta pixels
were labelled as purple loosestrife, when they were actually other flowers (likely Douglas spirea or
fireweed). Based on the site assessment, it was determined that these false positives would
represent a small minority of the points identified.
To assess loosestrife locations by image analysis, approximately 700 plants within or adjacent to the
58-acre mitigation site locations were mapped. Loosestrife locations were also mapped for the
Corps 1135 restoration site, with approximately 2,800 plant locations identified within or adjacent
to that site’s 35.4 acres. The mitigation site’s lower average density of 12 plants/acres, compared to
the Corps’ 79 plants/acre is a positive reflection of the City’s site management efforts in previous
years. This year, the City will contract for maintenance and invasive removal across the mitigation
site and the Corps 1135 restoration site. See Figure 2 for the location and distribution of invasive
species within the mitigation site.
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Invasive Species Inventory
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Aerial Photo Interpretation of Vegetation Communities
The July 20, 2017 composite aerial imagery was used to map the distribution of vegetation
communities across the mitigation site. Using the previous monitoring year’s aerial interpretation as
guidance and aided by higher-resolution imagery than previous years, the approximate limits of
each vegetation community were mapped across the entire mitigation site by manual interpretation
of the visual signatures on the aerial photograph (Figure 3).
As determined through previous year’s monitoring efforts, there are four relatively distinct marsh
communities present on the site, differentiated by elevation, dominant plant species, and plant
density: high marsh, cattail-dominated marsh, low marsh, and mudflats.









High marsh. Areas characterized as high marsh have exposed sediments for an extended
period. They are dominated predominantly by Lyngby sedge and hardstem bulrush. Other
species noted in the high marsh zone include variable spikerush (Eleocharis palustris), broadleaf
arrowhead (Sagittaria latifolia), small-fruited bulrush (Scirpus microcarpus), and cattail species
(Typha spp.).

Cattail-dominated marsh. Cattail-dominated marsh areas occur at similar elevation as the high
marsh areas but are characterized by dense narrow-leaf and common cattail rather than
Lyngbye’s sedge. While Lyngbye’s sedge is present, it is much less dominant in these cattaildominated areas. Other species also commonly found in this community include hardstem
bulrush and some reed canarygrass.

Low marsh. Areas characterized as low marsh occupy a narrow elevation band from mudflats to
the lower edge of the high marsh. These communities are predominantly differentiated from
high marsh by their lower density of vegetation. These areas averaged nearly 60% bare ground
in previous monitoring years, with many of the same species present as in the high marsh
community, with common spikerush and poverty rush (Juncus tenuis) also commonly present in
the low marsh community.
Mudflats. Areas characterized as mudflat occupy an elevation band lying just below the
elevation of the low marsh community and situated to have exposed sediments during site
drainage at low tide. Mudflats are nearly unvegetated, typically characterized by less than 5%
cover of scattered individuals of seaside plantain (Plantago maritima) or variable spikerush,
and/or patches of filamentous algae rooted across the sediment surface.

Total extents of high marsh, cattail-dominated marsh, low marsh, mudflat, and open water based on
the interpretation of the composite aerial imagery are presented in Table 3. The community
composition is now dominated by restored intertidal marsh communities, with 56.1 acres (97%) of
the mitigation site now being characterized as high marsh, cattail-dominated marsh, low marsh, or
mudflat. Open water areas at full site drainage continue to decline, and now cover just 1.9 acres
(3%).
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Aerial Interpretation of Vegetation Community Extent July 2017

Year 10 Monitoring Report
Smith Island/Union Slough (NWS-1999-221)

2-6

October 2017

ICF 00303.17

City of Everett Public Works Department

Table 3.

Chapter 2. Monitoring Activities

Estimated Vegetation Community Extents (Year 10)—Aerial Photo Interpretation
Estimated Area (acres)

Percentage (%) of Mitigation
Site

High marsh
Low marsh
Cattail-dominated marsh
Mudflat
Subtotal

19.7
6.1
5.0
25.2
56.0

34
11
9
43
97

Total

57.9

100

Dominant Vegetation
Restored Intertidal Marsh

Open Water
Open water
Subtotal

1.9
1.9

3
3

Figure 4 compares community composition Years 1 through 10, based on aerial photo
interpretation. The Restored Vegetated Marsh category includes low, high, and cattail-dominated
marsh, and the colonizing vegetation communities present in previous monitoring years. The Other
Herbaceous category represents the herbaceous communities that were present on the site prior to
dike breaching, including soft rush, common cattail, and reed canarygrass (including ‘sparse’ type in
subsequent years). This grouping allows for comparison across years, and illustrates the positive
trend in marsh development over the monitoring years.

The total area of the restored vegetated marsh and estuarine mudflat has shown a strong increasing
trend from 5.0 acres in Year 1, to 56.0 acres in Year 10, representing 97% of the site (Table 4). Areas
of open water remaining at low tide have continued to decrease as ponded areas give way to
drainage channels, dropping from 8.1 acres in Year 6, to 3.1 acres in Year 8, and 1.9 acres in Year 10.
As a result of the drainage improvements achieved by the 2011/2012 adaptive management project
and the natural development of tidal channels, open water areas now occupy only 3% of the
mitigation site. These areas of tidal channels provide valuable aquatic habitat for a variety of fish
species, contribute to the site’s habitat complexity, and provide foraging areas for a variety of native
fish and wildlife, including migratory shorebirds and foraging salmonids,(as presented in detail in
the previous year’s monitoring reports (ICF 2016).
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Vegetation Community Composition in Years 1 through 10—Aerial Photo
Interpretation

100%

90%
80%
70%

Open Water/Unvegetated

60%

Woody Vegetation

50%

Other Herbaceous

40%

Restored Estuarine Mudflat

30%

Restored Vegetated Marsh

20%
10%

0%

Year 1
(2008)

Year 2
(2009)

Year 3
(2010)

Year 6
(2013)

Year 8
(2015)

Year 10
(2017)

Note: The Other Herbaceous category had included reed canarygrass, soft rush, and common cattail communities
present prior to dike breaching.

Notes:

Year 3
(acresa)

Year 6
(acresa)

Year 8
(acresa)

Year 10
(acresa)

Restored vegetated marsh
(colonizing vegetation, high/low
marsh, cattail-dominated marsh)
Restored estuarine mudflat
Other herbaceous
(reed canarygrass, cattail, soft rush)
Woody vegetation
Open water/unvegetatedb

Year 2
(acresa)

Dominant Vegetation

Year 1
(acresa)

Comparison of Vegetation Community Extent, Prebreach and Years 1 through 10—
Aerial Photo Interpretation
Pre-Breach
(acresa)

Table 4.

5.0

5.6

20.4

32.8

27.1

30.8

39.1

28.3

17.7

10.3
6.6

27.6
-

25.2
-

-

42.6

13.3
3.4

8.1
6.4

1.0
23.2

0.03
19.8

0.1
8.1

3.1

1.9

a. Total site acreage varies slightly due to varying quality of data available defining the extent of the mitigation
site. Prebreach acres are as per the wetland mitigation plan: Year 1 acres based on aerial photo; Year 2 and
Year 3 acres based on as-built survey of levee toe in the mitigation site. Small differences between Year 2 and
Year 3 are due to rounding. The mitigation site’s total area is 57.9 acres.
b. Unvegetated areas in this table include areas characterized as other/wrack as well as dead scrub-shrub areas
described in Year 2.
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Discussion

Restoration of Intertidal Marsh and Mudflats
Intertidal marsh and mudflat communities composed of a variety of native marsh species and
hydraulic conditions have rapidly expanded following restoration of full tidal exchange and now
characterize 97% of the mitigation site. Year 10 monitoring documented a modest but continued
increase in the acreage of restored intertidal marsh relative to Year 8. Continued improvement in
conveyance and drainage at low tide has resulted in the development of natural drainage channels
and an increase in the extent of the low marsh vegetation community as plant species colonize the
newly accreted sediments. This has resulted in an increase in restored tidal marsh from 27.1 acres
of in Year 8 to 30.8 acres in Year 10.

The area of estuarine mudflats has correspondingly declined slightly, as has the area of open water
at low tide compared to Year 8. In Year 8, open water areas were interspersed with ponded areas
between drainage channels. Year 10 aerial interpretation shows that the open water areas are now
channelized across the site at full-site drainage. This estuarine complex, hosting intertidal aquatic
habitat in the channels, mudflats, and vegetated marsh provides habitat, food, and forage for a
variety of native fish and wildlife, including migratory shorebirds and foraging salmonids, as well as
the diversity of benthic invertebrates that support the estuarine foodweb. The full tidal exchange
now present on the site allows it to provide key ecological function within the larger Snohomish
River estuary.

2.2

Water Quality

This section presents the results of the springtime water quality monitoring for Year 10. The
purpose of monitoring water quality at the mitigation site is to document the return and degree of
tidal inundation by recording water quality parameters that vary with tidal inundation (e.g.,
temperature, dissolved oxygen, and salinity) and to determine if water quality conditions are
consistent with those in Union Slough (thus, demonstrating restoration of the tidal prism in the
mitigation site). Temperature, salinity, and dissolved oxygen are also the water quality constituents
with the greatest potential to affect the growth and survival of aquatic life, including juvenile
salmonids. The term “water quality” is used to describe these constituents, collectively.

Water quality monitoring was performed on May 25 and June 6, 2017. On June 7, 2017, Ecology
informed the City of Everett that it would be appropriate to terminate further water quality
monitoring efforts. Also, in order to close out the project, the City of Everett should submit results of
the water quality monitoring completed to date to document site conditions at the conclusion of the
monitoring.
Water quality data provide information relative to the mitigation goals of providing salmonid
rearing and feeding habitat and increasing the database of scientific information relative to
restoring the Snohomish River estuary.
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Methods

The water quality constituents and general monitoring methodology were established in the
wetland mitigation plan. The original monitoring frequency was modified in Year 2 to add samples
at low tide during both spring and summer due to the degree of inundation present at that time in
the mitigation site at low tide. Removal of the bridges, lowering the elevation at the breaches, and
excavation of tidal channels deeper into the site in 2012 greatly improved drainage of the site and
eliminated the degree of inundation at low tide than was present in Year 3. Consequently, the Year 6
and Year 8 water quality monitoring schedules reverted to sampling only high-tide events in spring
and summer, following the approach set out in the wetland mitigation plan. In Year 10, water quality
monitoring occurred only during the spring (no summer sampling has been performed in Year 10).
The City of Everett presented information that demonstrated the site was functioning as intended
and summertime water quality monitoring was not necessary.
In previous years, a period of approximately 2 weeks separated each pair of high-tide sampling
events to better describe the variability during these seasonal conditions (i.e., spring versus
summer/fall). Water quality was measured at the same stations used during Year 6 and Year 8
monitoring during spring and summer and the spring of Year 10: six stations in the mitigation site
and two stations in Union Slough (Figure 1). Sample locations were selected to distribute collection
points throughout the mitigation site. A second Union Slough station (WQ-U2) had been added in
Year 3 to better reflect reference conditions in Union Slough (Figure 1) and was sampled again in
Years 6, 8 and 10.

Water quality parameters were measured at near surface, mid-depth, and near bottom, and when
time allowed, at 1-foot intervals from the surface to within 1 foot of the sediment surface. Sites were
accessed by canoe during high tide. Salinity, temperature, and dissolved oxygen were measured
using an In-Situ, Inc., Troll® 9500 multiparameter handheld water quality instrument with in-situ
sampling probes.

Monitoring Stations

Water quality monitoring stations are shown in Figure 5. These include eastern stations (WQ-N1,
WQ-C1, and WQ-S1) and western stations (WQ-N2, WQ-C2, and WQ-S2) in the northern, central, and
southern portions of the mitigation site, as well as two stations in Union Slough (WQ-U1, WQ-U2)
near the north breach. Each monitoring station was chosen to correspond to a location with
relatively low ground surface elevation so that samples along a more complete (deeper) water
column profile could be obtained.
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Water Quality Monitoring Stations

Monitoring Schedule
Sampling dates were chosen to represent spring (May and June) high runoff conditions. High tide
events were sampled based on predicted tides from the National Oceanic Atmosphere
Administration (NOAA) Everett gage, located at Pier 1, Port of Everett, adjusted for the delay the
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timing of high tide in Union Slough and the mitigation site. This created conditions where the largest
portion of the mitigation site would be inundated at the greatest water depth to allow sampling at
various depths in the water column (Figure 6).

The water quality monitoring schedule and hydrologic conditions are shown in Table 5; Snohomish
River discharge and tidal elevations are shown as an indication of the conditions during sampling.

State water quality criteria are based on the designated use of a water body, one of which is aquatic
life use (Washington Administrative Code [WAC] 173-201A-200)(1). The mitigation site lies within
the portion of the Snohomish River that carries an aquatic life use designation of “salmonid
spawning, rearing, and migration” (i.e., the lower Snohomish River from the river’s mouth upstream
to approximately the southern tip of Ebey Island at river mile 8.1). Salmonids that have been
documented in the mitigation site in previous years include juvenile chum, pink, Chinook, and coho
salmon, steelhead and cutthroat trout.

Table 5.

Water Quality Monitoring Schedule and Conditions—Year 10

Date

Season

Typical Salmonid Use

Flowa
(cfs)

5/25/2017
6/6/2017

Spring
Spring

Juvenile migration and rearing
Juvenile migration and rearing

18,619
10,786

Notes:

Tideb during Sampling
(feet relative to MLLWc)
High (+11.8 to +10.0)
Lower high (+9.6 to +8.7)

a. Snohomish River discharge is the combined discharges from Snohomish River station 12150800 and Pilchuck
River station 1215530. Flow data from U.S. Geological Survey Water Information System (2017).
b. Predicted tide at Everett using NOAA tide predictions from Everett Station (Figure 6).

c. According to the National Oceanic and Atmospheric Administration datum list, the elevation of the North
American Vertical Datum of 1988 (NAVD88) is 2.03 feet above MLLW (i.e., to convert elevation relative to
MLLW to NAVD88 elevations, subtract 2.03 feet from MLLW).
cfs = cubic feet per second; MLLW = mean lower low water
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Predicted Timing and Tide Height during Water Quality Monitoring Periods

Source: National Oceanic Atmospheric Administration 2017.
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Results

Water quality measurements are presented in Appendix A. Water Quality Monitoring Data, and
summarized in Table 6. Data are presented by water quality monitoring station and by depth in the
water column for each parameter. Washington State water quality temperature standards for areas
designated as “salmonid spawning, rearing and migration” use, such as the lower Snohomish River,
are set as 7-day average daily maximums (WAC 173 201A-200). The dissolved oxygen standard is
set as the lowest 1-day minimum concentration.

Temperature and dissolved oxygen readings that are above or below the standard represent points
in time on which the state standard was exceeded, but may not be reflective of conditions present
consistently throughout the day. Similarly, instantaneous water temperature data from a single day
are not recorded continuously over a 7-day period; thus, they cannot be used to determine if a 7-day
maximum standard has been exceeded. Rather, these data are indicative of temperature conditions
on the day sampled and indicate a consistency in water quality conditions between the mitigation
site and Union Slough.

Spring Water Quality Conditions
River Discharge

Spring water quality conditions were observed during the May 25 and June 6, 2017 high-tide
sampling events. Snowmelt during this time of year increases river flows and typically dilutes
saltwater in the lower Snohomish River estuary. During the May sampling event, river flows in the
lower Snohomish River were approximately 18,000 cubic feet per second (cfs), decreasing to
approximately 11,000 cfs for the June sampling event. These flows are representative of relatively
normal spring runoff conditions for the May–June period.

Salinity

Salinity was higher during the June 6, 2017 sampling event than during the May 25, 2017 event. This
difference may be due to a combination of lower discharge in the Snohomish River and in Union
Slough on June 6, 2017 compared to May 25, 2017, as well as the timing of the sample with respect
to tides. June 9 samples were collected on a lower-high tide (9.62 feet) following a higher-low tide
(0.14 feet). In contrast, the high tide on May 25 was 11.91 feet, following a low tide of -2.55 feet.
This, coupled with decreased river discharge, may have increased the prevalence of tidally
influenced water on June 6 in Union Slough and the mitigation site, increasing the salinity recorded.

Temperature

Water temperatures were elevated during the May 25 and June 6, 2017 sampling periods, ranging
from 11.25 to 13.45 degrees Celsius (°C) (52.2 to 56.21 degrees Fahrenheit [°F]) in May and 13.78 to
16.75 °C (56.80 to 62.15 °F) in June. The water temperatures in the mitigation site were generally
consistent with those recorded in Union Slough. Water circulates freely within the mitigation site
and is exchanged with Union Slough; this exchange is also indicated by the relative consistency in
water temperatures measured between the mitigation site and Union Slough.
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Table 6. Summary of 2017 Water Quality Data from Spring Sampling at High Tidea
Temp °F/°C

Salinity (PSU)

Dissolved Oxygen (mg/l)

WQ
Station

Depth

May 25

June 6

May 25

June 6

May 25

June 6

N1
N2
C1
C2
S1
S2

Surface
Surface
Surface
Surface
Surface
Surface

53.40/11.9
54.25/12.36
53.94/12.36
56.21/13.45
53.13/11.74
53.22/11.79

56.91/13.84
62.15/16.75
61.39/16.33
61.52/16.40
57.74/14.30
59.67/15.37

0.03
0.02
0.02
0.03
0.03
0.03

0.11
0.03
0.03
0.04
0.07
0.04

11.82
11.16
10.94
11.01
11.27
11.17

12.90
10.03
9.71
10.21
10.25
10.26

N1
N2
C1
C2
S1
S2

Middle
Middle
Middle
Middle
Middle
Middle

11.95/53.51
54.28/12.38
53.94/12.19
53.76/12.09
52.74/11.52
53.17/11.76

56.89/13.83
59.83/15.46
---b
60.31/15.73
57.65/14.25
59.61/15.34

0.03
0.02
0.02
0.03
0.03
0.03

0.11
0.03
---b
0.04
0.07
0.03

11.55
11.14
10.93
11.20
10.95
11.76

11.55
10.24
---b
10.20
10.25
10.27

U1
U2

U1
U2

N1
N2
C1
C2
S1
S2
U1
U2

Surface
Surface

Middle
Middle

Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom

52.39/11.33
52.30/11.28

52.37/11.32
52.30/11.28
53.53/11.96
54.32/12.40
53.94/12.19
53.60/12.0
52.63/11.46
53.17/11.76
52.36/11.31
52.2/11.25

56.91/13.84
57.22/14.01

56.84/13.80
57.13/13.96
56.88/13.82
59.59/15.33
---b
59.63/15.35
57.65/14.19
59.56/15.31
56.80/13.78
56.95/13.86

0.06
0.05

0.06
0.05
0.03
0.02
0.02
0.03
0.03
0.03
0.05
0.05

0.11
0.10

0.11
0.10
0.11
0.03
---b
0.04
0.07
0.03
0.12
0.11

11.42
11.43

11.32
11.31
11.44
11.07
10.81
10.85
10.59
11.76
11.38
11.38

Notes:
a. Detailed profiles are presented in Appendix A, Water Quality Monitoring Data.
b. Too shallow to sample at three depths.
PSU = practical salinity units; mg/l = milligrams per liter, calculated from field measurements of conductivity (Fofonoff and Millard 1983).
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Dissolved Oxygen
Spring dissolved oxygen levels ranged between 10.81 and 11.82 milligrams per liter (mg/l) in the
mitigation site and between 11.31 and 11.43 mg/l in Union Slough. Under high-tide conditions,
dissolved oxygen levels remained well above the state minimum 1-day dissolved oxygen standard of
6.5 mg/l.

2.2.3

Discussion

Juvenile Salmonid Suitability
Spring Conditions
May is the peak migration season for juvenile salmonids. Sampling during late May through early
June typically provides valid indicators of water quality suitability for salmonid use of the mitigation
site. Spring is when river flow is typically at its highest, temperatures are low due to the influence of
runoff from snowmelt, and salinity is typically at its lowest. Juvenile salmonids have been
documented in the mitigation site during this period during every monitoring year since the dike
was breached, concentrated particularly in the tidal channels as the tide ebbs.

However, no fish monitoring has been, or will be performed in Year 10 as directed by the agencies.
This was due to the documented use of salmonids in previous years (with the exception of Year 8)
and the mitigation site functioning as anticipated in terms of providing access to suitable tidally
influenced off-channel habitat. Year 8 was an anomaly, as snowpack was at historically low levels
and water temperatures recorded during May/June were well above normal for that time of year.
Year 10 was representative of typical years, when snowpack was more in line with normal
conditions and water temperatures were consistent with those preferred by juvenile salmonids.

Mixing and Salinity Gradient

Monitoring data continue to document that water quality conditions in the mitigation site are not
different from the portion of Union Slough near the north breach. Temperature and dissolved
oxygen conditions at stations U1 and U2 in Union Slough were similar to each other, and conditions
in Union Slough were consistent with those recorded in the mitigation site. The consistency in
salinity readings is reflective of the water circulation and tidal exchange now occurring in the site.
Water can readily move from Union Slough into and out of the mitigation site to create equivalent
salinity conditions.
Water in the mitigation site and in Union Slough exhibited fairly well-mixed conditions during
spring conditions. Only slight differences in salinity and temperature were observed with depth in
the water column.
Year 10 spring salinities were consistent with previous years, excluding Year 8, which was an
anomaly due to historically low snow pack and runoff.
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Conclusions and Recommendations
Based on the results of the Year 10 monitoring, the restoration project has developed along a
trajectory that has met the goals and performance standards outlined in the wetland mitigation
plan, as well as the modified performance standards approved by the Corps and Ecology.

3.1

Achievement of Vegetation Goals and
Performance Standards

The goals and performance standards relative to vegetation are presented below (with the approved
modifications shown in bold italics) followed by the status on progress toward meeting the
performance standards.

3.1.1

Goal Number 1- Provide 58 acres of intertidal habitat
available for salmonid rearing and feeding

Performance Standard for Goal Number 1
The as-built configuration must be presented to the Corps and Ecology to document the actual
mitigation area. As-built conditions will be determined by either a ground survey or aerial
photography (scaled plan view). The total mitigation acreage will be based on the area between the
toes of the dikes that surround the mitigation area.

Status

Based on the 2009 as-built ground survey of the interior dike toe, the mitigation site is 57.9 acres.
The Year 10 vegetation assessment found that 97%, or 56.0 acres, has been restored to intertidal
marsh and mudflat, with the remaining 1.9 acres available as intertidal aquatic habitat at low tide.
The entire site is available to salmonids and other fish at high tide. Fish-use monitoring in Years 1
through 8 has verified that the mitigation site is being actively used by juvenile coho, Chinook, pink,
and chum salmon, as well as by juvenile steelhead and cutthroat trout (ICF 2016).

3.1.2

Goal Number 2 - Provide 37 acres as potential
mitigation area for future City of Everett projects and
13.1 acres of potential mitigation area for the dike
maintenance project impacts

Performance Standard for Goal Number 2
As-built drawings will be used to determine the actual acreage available for future projects based on
the total mitigation area minus the mitigation acreage required to compensate for the dike project.
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Status
Based on the 2009 ground survey, the acreage available for EPWD projects is 36.9 acres (i.e., 57.9 asbuilt acres minus 21 acres to compensate for impacts from the dike project).

3.1.3

Goal Number 5—Maintain the mitigation site to control
establishment of nonnative, invasive cordgrass, and
purple loosestrife

Performance Standard for Goal Number 5
Cordgrass and purple loosestrife will be prevented from exceeding 1% and 5% total cover,
respectively, in the mitigation site throughout the 10-year monitoring period.

Status

No cordgrass has ever been observed at the mitigation site. Purple loosestrife is sporadically present
in the mitigation site, but total cover is well below the performance standard of 5% of the mitigation
site (i.e., below 2.9 acres). EPWD has continued periodic control measures to control colonization by
invasive plant species. Control measures were completed in 2016 following Year 8 monitoring and
are scheduled to occur again in 2017 based on the information provided by ICF during the Year 10
monitoring.

3.1.4

Modified Goal Number 6: Document a positive trend in
the development of native intertidal species on the site

Modified Performance Standard for Goal Number 6
A positive trend in the development of native intertidal plant communities will be achieved by
an increase in either the cover of native intertidal species, or the number of native intertidal
species in the mitigation area.

Status
The mitigation site continues to meet the standard for development of an intertidal plant
community. The restored intertidal marsh communities are maturing and broadening their extent
progressively each year. The area of restored intertidal marsh and mudflat has increased from 5
acres in Year 1 to 20.4 acres in Year 3, 43.1 acres in Year 6, 54.7 acres in Year 8, and 56.0 acres in
Year 10. Intertidal marsh vegetation has spread into areas exposed due to improvements in
drainage resulting from the 2011/2012 adaptive management and have now spread across areas
previously dominated by reed canarygrass and areas previously covered with wrack and woody
debris.

Plant species diversity has increased during site development with a slight decline shown in Year 8,
as Lyngby sedge becomes, as expected, the dominant species in the high marsh community. Species
diversity was not measured in Year 10.
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Achievement of Water Quality Goals and
Performance Standards

No specific performance standards were identified for water quality; water quality data collection
supports evaluation of Goal Number 1 and Goal Number 7. These goals are described below,
followed by an evaluation of the water quality data with respect to these goals.

3.2.1

Goal Number 1—Provide 58 acres of intertidal habitat
available for salmonid rearing and feeding

Status
The Year 10 water temperature and dissolved oxygen data indicate that springtime water quality
conditions reflect conditions observed in Union Slough, with little change in dissolved oxygen or
temperature within the mitigation site. Tidal exchange between Union Slough and the mitigation site
is no longer restricted, resulting in consistent water temperature, salinity, and dissolved oxygen
conditions in Union Slough and in the mitigation site.

3.2.2

Goal Number 7—Increase the database of scientific
information relative to restoring the Snohomish River
estuary

Status
Springtime water quality data provide scientific information regarding the extent, location, and
depth of the salt wedge in this portion of the river and estuary and information related to water
temperature in lower estuary rearing habitats. The data also provide information regarding the
influence of site hydraulics on water circulation and, thus, on water quality conditions and habitat
suitability for dike-breach restoration sites.
Submittal of this monitoring report summarizing springtime water quality monitoring to the
regulatory agencies will meet the performance standard of disseminating this information.

3.3

3.3.1

Conclusions and Recommendations
Vegetation Conclusions

Continued improvement in conveyance and drainage at low tide has resulted in the development of
natural drainage channels and an increase in the extent of the low marsh vegetation community as
plant species colonize the newly accreted soils. The interspersion of tidal channel, mudflats, and
vegetated marsh communities reflects the restoration of the full ecological spectrum of natural
intertidal communities within the mitigation site.

Invasive species continue to be managed effectively. Reed canarygrass declined naturally as a result
of the tidal inundation. Yellow iris and Japanese knotweed have only established on the face of the
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dike adjacent to the mitigation site, and are likely kept to those areas by the site’s hydrology. Purple
loosestrife is able to establish in the high marsh and cattail-dominated marsh communities, but
native marsh species continue to dominate these areas. Management of invasive species in previous
monitoring years has demonstrated a positive impact, keeping purple loosestrife to less than 1%
total cover, and demonstrating an average density per acre of purple loosestrife in the regularly
maintained mitigation site at 80% less than that measured in the Corps 1135 restoration site.

3.3.2




3.3.3

Vegetation Recommendations

Discontinue vegetation community monitoring. The goals and objectives of the mitigation site
have been achieved, and the mitigation site is currently functioning as intended.

Continue periodic checks for Snohomish County noxious weeds in conjunction with monitoring
and maintenance of the levees (per Chapter 4, Long Term Management Plan).

Water Quality Conclusions

Water quality conditions in the mitigation site are consistent with those in Union Slough now that a
full tidal prism has been restored. Assuming the unusual climatic conditions encountered during
Year 8 do not regularly recur in the estuary, typical water quality conditions observed in Year 10,
combined with the increasing establishment of native intertidal marsh and mudflats, enable the
mitigation site to meet the goal of providing salmonid habitat during their period of outmigration
and osmoregulation prior to moving farther into the estuary and out to Puget Sound.

3.3.4


Water Quality Recommendations

Discontinue water quality monitoring. The goals and objectives of the mitigation site have been
achieved, and the mitigation site is currently functioning as intended.
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Long-Term Management Plan
EPWD will continue to be the responsible land owner for the mitigation site and will provide longterm management to maintain its ecological integrity.

As the non-federal sponsor and owner of the Union Slough Section 1135 Estuary Restoration Project
(i.e. the 35 acre Corps 1135 restoration site south of the mitigation site), EPWD is responsible for
the operation, maintenance, repair, replacement, and rehabilitation (OMRR&R) of the Section 1135
site, as well as the mitigation site.
Per their OMRR&R responsibilities, EPWD has controlled invasive species within the mitigation site
for five years following adaptive management (2012-2017) to “allow native marsh species time to
achieve a stature and density capable of resisting shading and smothering by invasive species.”

Scattered purple loosestrife and widely scattered yellow iris has been documented in the mitigation
site and in the 1135 restoration site. Both species are found throughout the lower Snohomish River
estuary and are found primarily along the face and toe of the dikes, below the elevation of MHHW.
Within the sites, the loosestrife is generally limited to the highest elevation areas. Management of
invasive species during the monitoring period has successfully kept cover of purple loosestrife to
less than 1% cover overall.

4.1

Periodic Integrity Checks

4.1.1

Spread of Invasive Plants

As part of its OMRR&R responsibilities, EPWD will perform required monitoring and maintenance of
the constructed levees protecting the WPCF. Maintenance will include mowing and/or removal of
Snohomish County listed noxious weeds (e.g. Himalayan blackberry, purple loosestrife, yellow iris,
knotweed) from the face of the eastern dike that forms the perimeter of the mitigation site and the
1135 site, and from the northern perimeter dike along the mitigation site and the southern dike
along the south end of the 1135 site. This regular maintenance will support the continued ecological
integrity of the mitigation site by limiting the establishment of invasive plants in proximity to the
mitigation site.
EPWD will periodically check the mitigation site for Snohomish County noxious weeds in as nonintrusive a manner as possible. If Spartina cordgrass is detected, EPWD would consult with the
Corps to coordinate eradication. Similarly, if purple loosestrife or other Snohomish County listed
noxious weed densities within the mitigation site are found to be compromising the integrity of the
native marsh areas (i.e. have colonized more than 5% [2.9 acres] of the mitigation site), EPWD
would consult with the Corps to coordinate a remedy if needed.

4.1.2

Removal of Human-Made Debris

Being located within the greater Snohomish River estuary, the introduction of human-made debris
to the mitigation site has occurred in the past, and will likely occur again. Sometimes such debris, if
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Chapter 3. Conclusions and Recommendations

large, can pose risks to the ecological function of the site by obstructing drainage or damaging
vegetation. EPWD will monitor the site for the presence of human-made debris, such as buoys,
floats, rafts, docks, or boats, following significant storm events and in association with required
monitoring and maintenance of the constructed levees protecting the WPCF. EPWD will arrange for
removal of such debris in a timely manner using minimally intrusive methods.
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Station N1, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
53.4/11.9
2
53.46/11.92
3
53.49/11.94
4
53.47/11.93
5
53.53/11.96
6
53.51/11.95
7
53.51/11.95
8
53.51/11.95
9
53.53/11.96

Start Time
7:20
Salinity
(PSU/PPT)
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

End Time
Not reported
DO
(mg/L)
11.82
11.67
11.6
11.58
11.55
11.53
11.49
11.45
11.44

pH
6.75
6.68
6.62
6.59
6.57
6.55
6.55
6.54
6.53

Station N2, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
54.25/12.36
2
54.28/12.38
3
54.32/12.40

Start Time
8:30
Salinity
(PSU/PPT)
0.02
0.02
0.02

End Time
Not reported
DO
(mg/L)
11.16
11.14
11.07

pH
7.18
7.12
7.05

Station C1, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
53.94/12.19
2
53.94/12.19
3
53.94/12.19

Start Time
8:12
Salinity
(PSU/PPT)
0.02
0.02
0.02

End Time
Not reported
DO
(mg/L)
10.94
10.93
10.81

pH
7.03
6.98
6.93

Station C2, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
56.21/13.45
2
53.76/12.09
3
53.6/12.0

Year 10 Monitoring Report

Start Time
8:21
Salinity
(PSU/PPT)
0.03
0.03
0.03

A‐1

End Time
Not reported
DO
(mg/L)
11.01
11.20
10.85

pH
7.06
7.08
7.02
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Station S1, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
53.13/11.74
2
53.04/11.69
3
52.74/11.52
4
52.63/11.46

Start Time
7:50
Salinity
(PSU/PPT)
0.03
0.03
0.03
0.03

End Time
Not reported
DO
(mg/L)
11.27
11.10
10.95
10.59

pH
7.00
6.96
6.91
6.87

Station S2, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
53.22/11.79
2
53.19/11.77
3
53.17/11.76
4
53.19/11.77
5
53.17/11.76

Start Time
8:04
Salinity
(PSU/PPT)
0.03
0.03
0.03
0.03
0.03

End Time
Not reported
DO
(mg/L)
11.17
11.13
11.10
11.06
11.12

pH
7.07
7.06
7.01
6.96
6.89

Station U1, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
52.39/11.33
2
52.39/11.39
3
52.39/11.39
4
52.37/11.32
5
52.36/11.31
6
52.36/11.31
7
52.36/11.31
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Start Time
7:28
Salinity
(PSU/PPT)
0.06
0.06
0.06
0.06
0.06
0.06
0.05

A‐2

End Time
Not reported
DO
(mg/L)
11.42
11.41
11.38
11.37
11.36
11.36
11.38

pH
6.78
6.75
6.72
6.69
6.65
6.62
6.65
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Station U2, Spring 2017
Date
5/25/2017
Depth
Temperature
(feet)
(°F)
1
52.3/11.28
2
52.36/11.31
3
52.38/11.32
4
52.34/11.30
5
52.32/11.29
6
52.3/11.28
7
52.3/11.28
8
52.29/11.27
9
52.27/11.26
10
52.25/11.25
11
52.2/11.25

Start Time
7:38
Salinity
(PSU/PPT)
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

End Time
Not reported
DO
(mg/L)
11.43
11.41
11.31
11.31
11.31
11.31
11.32
11.37
11.36
11.38
11.38

pH
6.64
6.63
6.63
6.63
6.62
6.62
6.60
6.59
6.58
6.58
6.58

Station N1, Spring 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
56.91/13.84
2
56.91/13.84
3
56.89/13.83
4
56.89/13.83
5
56.89/13.83
6
56.89/13.83
7
56.86/13.81
8
56.88/13.82

Start Time
5:07pm
Salinity
(PSU/PPT)
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11

End Time
Not reported
DO
(mg/L)
12.90
12.00
11.90
11.55
11.36
11.40
11.56
11.50

pH
4.90
2.57
2.58
2.88
3.09
3.38
3.49
3.83

Station N2, Spring 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
62.15/16.75
2
60.64/15.91
3
59.83/15.46
4
59.59/15.33
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Start Time
6:25pm
Salinity
(PSU/PPT)
0.03
0.03
0.03
0.03

A‐3

End Time
Not reported
DO
(mg/L)
10.03
10.30
10.24
10.08

pH
6.48
6.44
6.43
6.26
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Station C1, Spring 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
61.39/16.33

Start Time
6:13pm
Salinity
(PSU/PPT)
0.03

End Time
Not reported
DO
(mg/L)
9.71

pH
6.47

Station C2, Spring 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
61.52/16.40
2
60.31/15.73
3
59.63/15.35

Start Time
5:55pm
Salinity
(PSU/PPT)
0.04
0.04
0.04

End Time
Not reported
DO
(mg/L)
10.21
10.20
10.30

pH
6.37
6.42
6.36

Station S1, Summer 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
57.74/14.30
2
57.65/14.25
3
57.54/14.19

Start Time
5:43pm
Salinity
(PSU/PPT)
0.07
0.07
0.06

End Time
Not reported
DO
(mg/L)
10.25
10.25
10.00

pH
6.22
6.12
6.07

Station S2, Summer 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
59.67/15.37
2
59.61/15.34
3
59.56/15.31
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Start Time
6:07pm
Salinity
(PSU/PPT)
0.04
0.03
0.03

A‐4

End Time
Not reported
DO
(mg/L)
10.26
10.27
10.07

pH
6.29
6.23
6.25
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Station U1, Spring 2017
Depth
(feet)
1
2
3
4
5
6
7
8
9
10
11

Date
6/6/2017
Temperature
(°F)
56.91/13.84
56.91/13.84
56.98/13.88
56.89/13.83
56.88/13.82
56.84/13.80
56.84/13.80
56.82/13.79
56.82/13.79
56.82/13.79
56.80/13.78

Start Time
5:19pm
Salinity
(PSU/PPT)
0.11
0.11
0.11
0.11
0.11
0.12
0.12
0.12
0.12
0.12
0.12

End Time
Not reported
DO
(mg/L)
10.98
10.97
10.94
10.90
10.65
11.01
10.87
10.90
10.79
10.70
10.70

pH
5.07
5.04
5.07
5.09
5.13
5.20
5.24
5.26
5.29
5.32
5.40

Station U2, Spring 2017
Date
6/6/2017
Depth
Temperature
(feet)
(°F)
1
57.22/14.01
2
57.22/14.01
3
57.16/13.98
4
57.13/13.96
5
56.97/13.87
6
56.98/13.88
7
56.95/13.86
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Start Time
5:27pm
Salinity
(PSU/PPT)
0.10
0.10
0.10
0.10
0.10
0.10
0.11

A‐5

End Time
Not reported
DO
(mg/L)
10.70
10.56
10.64
10.61
10.70
10.55
10.60

pH
5.89
5.88
5.90
5.91
5.91
5.90
5.92
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